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(54) PLL circuit and phase lock detector 

(57) A PLL circuit which outputs an oscillation clock 
signal synchronous with a reference clock includes a 
phase lock detector for detecting if the oscillation clock 
signal is synchronous with the reference clock. If the 
phase lock detector detects a phase difference between 
the oscillation clock signal and the reference clock, a 
charge pump circuit is used to alter the oscillation clock 
signal so that the oscillation signal is placed back in sync 
with the reference clock. The charge pump selects one 



of a ground potential and a power supply potential in 
response to a comparison result of the oscillation clock 
signal and the reference clock. The charge pump pulls 
a constant current to ground from an output terminal of 
the charge pump circuit when the ground potential is se- 
lected and supplies a constant current to the output ter- 
minal of the charge pump circuit when the power supply 
potential is selected, thereby producing an output which 
alternately repeats the ground potential and the power 
supply potential. 
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Description 

The present invention relates generally to a PLL 
(Phase Locked Loop) circuit which outputs an oscillation 
clock synchronous with a reference clock, and a phase 
lock detector. More particularly, the present invention re- 
lates to a PLL circuit which maintains synchronization 
of a reference clock with an oscillation clock, and a lock 
detector which detects that the oscillation clock is syn- 
chronous with the reference clock. 

In video applications, PLL circuits are used in syn- 
chronous reproduction of a color signal according to a 
burst clock included in a composite video signal. There 
are two types of PLL circuits: a digital circuit type and 
an analog circuit type. The digital PLL circuit has a 
CMOS structure and includes a memory for storing data 
of the oscillation timing of an oscillation clock, a digital 
filter and a multiplier. The digital PLL circuit therefore 
has a relative large circuit area. The analog PLL circuit 
has a CMOS structure and includes an external compo- 
nent like a capacitor. The analog PLL circuit is thus 
smaller than its digital counterpart. 

Figure 1 is a block diagram of a conventional analog 
PLL circuit 100 for use in a television receiver. The PLL 
circuit 100 includes an exclusive OR (XOR) gate 101, a 
tristate buffer 102, a charge pump circuit 1 03 of a CMOS 
structure, a low-pass filter (LPF) 106, a voltage control- 
led oscillator (VCO) 107 and a 1/4 frequency divider 
108. 

The XOR gate 101 has a first input terminal for re- 
ceiving a burst clock (reference clock) RC with a duty 
ratio of 50%, a second input terminal for receiving an 
output clock Pc with a duty ratio of 50% output from the 
1/4 frequency divider 107, and an output terminal for 
outputting a clock S1 which represents the result of com- 
parison of the phase of the burst clock Rc with that of 
the output clock Pc. Figure 2 is a timing diagram illus- 
trating the operation of the XOR 101 . In a color television 
of the NTSC (National Television System Committee) 
system, the burst clock Rc has a frequency of 3.58 MHZ. 
When the period of the burst clock Rc matches with that 
of the output clock Pc and when the phase of the output 
clock Pc is advanced by 90° from that of the burst clock 
Rc, the clock S1 which has a frequency double that of 
the burst clock Rc and a duty ratio of 50% is output (see 
Figure 2). 

The tristate buffer 102 receives a control signal RE, 
which is enabled in accordance with the period of the 
burst clock, and the output clock SI. The tristate buffer 

102 sends the output clock Si to the charge pump circuit 

103 when the control signal RE is enabled to have an 
°H level" and sets the output in a high impedance state 
when the control signal RE is enabled to have an °L lev- 
el'. 

The charge pump circuit 103 includes a pMOS tran- 
sistor 104 and an nMOS transistor 105, connected in 
series between a power supply and ground. The pMOS 
transistor 104 and nMOS transistor 105 are turned on 



or off in response to the output clock S1 output by the 
tristate buffer 1 02. When the pMOS transistor 1 04 is on, 
a current Ip flows into the LPF 106 from the power sup- 
ply, and when the nMOS transistor 105 is on, a current 
5 In flows through the LPF 106 into ground. As the LPF 
106 is charged or discharged by the current Ip or In, the 
LPF 106 smoothes the clock S1 and outputs a control 
voltage Vt to the VCO 107. The VCO 107 supplies an 
oscillation clock Fv having a frequency according to the 

io voltage value of the control voltage Vt to the 1/4frequen- 
cy divider 108. In the case of television, the oscillation 
clock Fv has a frequency of 14.31818 MHZ, four times 
as high as the frequency of the burst clock Rc. The 1/4 
frequency divider 108 sends the clock Pc, obtained by 

'5 frequency-dividing the oscillation clock Fv by four, to the 
XOR gate 101. 

An A/D converter 109 receives the oscillation clock 
Fv from the VCO 107, and performs analog-to-digital 
conversion to generate a digital signal S2 by sampling 

20 a composite video signal CV according to the oscillation 
clock Fv. The composite video signal CV includes a 
color signal which is extracted by the A/D converter 1 09. 

The frequency of the oscillation clock Fv output from 
the VCO 1 07 varies due to external factors such as a 

25 temperature change and a change in power supply po- 
tential. To suppress a change in the frequency of the 
oscillation clock Fv or to obtain the oscillation clock Fv 
of a constant frequency from the VCO 107, the control 
voltage Vt should be adjusted in accordance with such 

30 external factors. One way of controlling the control volt- • 
age Vt is to change the duty ratio of the output clock SI 
of the XOR gate 101. This is because the control voltage 
Vt is output as the LPF 106 is charged or discharged by 
the operation of the charge pump circuit 103, according 

3S to the duty ratio of the output clock S1 . 

suppose that the control voltage Vt which is one- 
half the power supply potential is acquired when an ideal 
clock S1 with a duty ratio of 50% is output, as shown in 
Figure 3B. To set the control voltage Vt larger than one- 

40 half the power supply potential, as shown in Figure 3A, 
it is necessary to output the clock S1 whose duty ratio 
is greatei^than 50%. To set the control voltage Vt smaller 
than one-half the power supply potential, as shown in 
Figure 3C, the clock Si whose duty ratio is smaller than 

*s 50% should be output. In the cases of Figures 3A and 
3C, since the difference between the phase of the burst 
clock Rc and the phase of the clock Pc is not 90°, the 
phase of the oscillation clock Fv is shifted from the de- 
sired phase. Sampling of a video signal according to the 

so oscillation clock Fv with the shifted phase makes it dif- 
ficult to accurately reproduce a color signal, resulting in 
a change in color. 

In the television receiver, various signal processes 
are executed using the oscillation clock Fv from the PLL 

ss circuit 100. When the oscillation clock Fv is shifted at 
the time the receiver is powered on or the channel is 
changed, various signal processes may not be carried, 
out properly. It is therefore desirable to detect if the os- 
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cillatton clock Fv keeps a predetermined phase. 

It is a primary objective of the present invention to 
provide a PLL circuit which maintains an oscillation 
clock synchronous with a reference clock. 

It is a secondary objective of the present invention 
to provide a lock detector which detects that the oscilla- 
tion clock is synchronous with the reference clock. 

Briefly stated, the present invention provides a 
phase locked loop (PLL) circuit for generating an oscil- 
lation clock which maintains a substantially constant 
phase difference with respect to a phase of a reference 
clock. The PLL circuit includes : a voltage controlled os- 
cillator receiving a control voltage and producing an os- 
cillation clock having a frequency corresponding to the 
control voltage; a comparison circuit receiving the refer- 
ence clock and the oscillation clock and comparing 
phases of the reference clock and the oscillation clock 
with each other to produce a comparison signal indica- 
tive of a comparison result; a charge pump circuit, con- 
nected to the comparison circuit, a ground potential and 
a power supply potential, for receiving the comparison 
signal, and selecting one of the ground potential and the 
power supply potential in response to the comparison 
signal, wherein the charge pump pulls a constant cur- 
rent to ground from an output terminal of the charge 
pump circuit when the ground potential is selected and 
supplies a constant current to the output terminal of the 
charge pump circuit when the power supply potential is 
selected, thereby producing an output which alternately 
repeats the ground potential and the power supply 
potential ; and a low-pass filter, connected between the 
charge pump circuit and the voltage controlled oscillator, 
for smoothing the output of the charge pump circuit to 
produce the control voltage. The charge pump circuit in- 
cludes: first and second transistors which are alternately 
turned on and off in response to the comparison signal; 
a constant current source for supplying a constant cur- 
rent; a first current mirror circuit, connected between the 
first transistor and the output terminal of the charge 
pump circuit, for allowing flow of a constant drive current 
according to the constant current of the constant current 
source when the first transistor is turned on; and a sec- 
ond current mirror circuit, connected between the sec- 
ond transistor and the output terminal of the charge 
pump circuit, for allowing flow of a constant drive current 
according to the constant current of the constant current 
source when the second transistor is turned on. 

The present invention further provides a phase 
locked loop (PLL) circuit for generating an oscillation 
clock which maintains a substantially constant phase 
difference with respect to a phase of a reference clock. 
The PLL circuit includes: a voltage controlled oscillator 
receiving a control voltage and producing an oscillation 
clock having a frequency corresponding to the control 
voltage; a comparison circuit receiving the reference 
clock and the oscillation clock and comparing phases of 
the reference clock and the oscillation clock with each 
other to produce a comparison signal indicative of a 



comparison result; a first charge pump circuit, connect- 
ed to the comparison circuit, a ground potential and a 
power supply potential, for receiving the comparison 
signal, and selecting one of the ground potential and the 

5 power supply potential in response to the comparison 
signal, wherein the first charge pump circuit pulls a con- 
stant current to ground from an output terminal of the 
first charge pump circuit when the ground potential is 
selected and supplies a constant current to the output 

10 terminal ol the first charge pump circuit when the power 
supply potential is selected, thereby producing a first 
output which alternately repeats the ground potential 
and the power supply potential; a second charge pump 
circuit, connected to the comparison circuit, a ground 

'5 potential and a power supply potential and having a 
drive performance with a higher output load than the first 
charge pump circuit, for receiving the comparison sig- 
nal, and selecting one of the ground potential and the 
power supply potential in response to the comparison 

20 signal, wherein the second charge pump circuit pulls a 
constant current to ground from an output terminal of 
the second charge pump circuit when the ground poten- 
tial is selected and supplies a constant current to the 
output terminal of the second charge pump circuit when 

2s the power supply potential is selected, thereby produc- 
ing a second output which alternately repeats the 
ground potential and the power supply potential : a low- 
pass filter, connected between the first and second 
charge pump circuits and the voltage controlled oscilla- 

30 tor, for smoothing one of the first and second outputs of 
the first and second charge pump circuits to produce the 
control voltage; a lock detector receiving the reference 
clock and the oscillation clock, detecting if the oscillation 
clock maintains a substantially constant phase differ- 

35 ence with respect to the phase of the reference clock 
and producing a detection signal indicative of a detec- 
tion result; and a selecting circuit, connected to the first 
and second charge pump circuits and responsive to the 
detection signal, for operating the first charge pump cir- 

40 cuit when the oscillation clock maintains the substantial- 
ly constant phase difference with respect to the phase 
of the reference clock and operating the second charge 
pump circuit when the oscillation clock does not main- 
tain the substantially constant phase difference with re- 

45 spect to the phase of the reference clock. 

The present invention provides a phase locked loop 
(PLL) circuit for generating an oscillation clock which 
maintains a substantially constant phase difference with 
respect to a phase of a reference clock. The PLL circuit 

so includes: a voltage controlled oscillator receiving a con- 
trol voltage and producing an oscillation clock having a 
frequency corresponding to the control voltage: a com- 
parison circuit receiving the reference clock and the os- 
cillation clock and comparing phases of the reference 

ss clock and the oscillation clock with each other to pro- 
duce a comparison signal indicative of a comparison re- 
sult; a charge pump circuit, connected to the compari- . 
son circuit, a ground potential and a power supply po- 
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tential, for receiving the comparison signal, and select- 
ing one of the ground potential and the power supply 
potential in response to the comparison signal, wherein 
the charge pump circuit pulls a constant current to 
ground from an output terminal of the charge pump cir- s 
cuit when the ground potential is selected and supplies 
a constant current to the output terminal of the charge 
pump circuit when the power supply potential is select- 
ed, thereby producing an output which alternately re- 
peats the ground potential and the power supply poten- to 
tial; a low-pass filter, connected between the charge 
pump circuit and the voltage controlled oscillator, for 
smoothing the output of the charge pump circuit to pro- 
duce the control voltage; a lock detector for receiving 
the reference clock and the oscillation clock, detecting is 
if the oscillation clock maintains a substantially constant 
phase difference with respect to the phase of the refer- 
ence clock and producing a signal indicative of a detec- 
tion result; and a switch, connected to one of the input 
and output of the low-pass filler and responsive to the 20 
signal indicative of the detection result from the lock de- 
tector, the switch operating to supply one of the ground 
potential and the power supply potential to one of the 
input and output of the low-pass filter when the oscilla- 
tion clock does not maintain a substantially constant zs 
phase difference with respect to the phase of the refer- 
ence clock for at least a predetermined time. 

The present invention further provides a lock detec- 
tor for use in a phase locked loop circuit and for detecting 
if an oscillation clock maintains a substantially constant 30 
phase difference with respect to a phase of a reference 
clock, the oscillation clock having a frequency n (n : a 
natural number) times that of the reference clock, a first 
clock, obtained by dividing the frequency of the oscilla- 
tion clock by n, supplied to the lock detector. The lock 35 
detector includes: a phase shifter for shifting a phase of 
the first clock by the substantially constant phase differ- 
ence to produce a second clock; an exclusive OR gate, 
connected to the phase shifter, for receiving the refer- 
ence clock and the second clock, and for producing an 40 
arithmetic operation output signal having a duty ratio; a 
low-pass filter for receiving and smoothing the arithme- 
tic operation output signal to produce an output voltage 
according to the duty ratio of the arithmetic operation 
output signal; and a determining circuit, connected to 45 
the low-pass filter, for comparing the output voltage with 
a predetermined reference voltage and determining a 
locked state ot the oscillation clock based on a compar- 
iscn result. 

The present invention provides an image signal so 
processing apparatus for producing chrominance infor- 
mation and luminance information from a composite vid- 
eo signal containing a sync component, a luminance 
component and a chrominance component. Tne image 
signal processing apparatus includes: a sync signal de- ss 
tector for acquiring a horizontal sync signal indicative of 
a timing for a horizontal scan, from the sync component 
contained in the composite video signal; an burst ex- 
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trading circuit for extracting a burst clock indicative of a 
phase of the chrominance component, from the com- 
posite video signal; a Y/C separator for separating the 
luminance component and the chrominance component 
from the composite video signal; a phase locked loop 
circuit, connected to the burst extracting circuit, for re- 
ceiving the burst clock as a reference clock and produc- 
ing an oscillation clock having a frequency n (n; anatural 
number) times that of the burst clock and maintaining a 
substantially constant phase difference with respect to 
a phase of the burst clock; a reproducing circuit, con- 
nected to the Y/C separator and the phase locked loop 
circuit, for receiving the luminance component and the 
chrominance component in accordance with the oscil- 
lation clock and reproducing the luminance information 
and the chrominance information; a frequency divider, 
connected to the phase locked loop circuit, for frequen- 
cy-dividing the oscillation clock by n to produce a fre- 
quency divided clock; and a lock detector, connected to 
the frequency divider and the burst extracting circuit, for 
receiving the burst clock and the frequency-divided 
clock and detecting a locked state of the phase locked 
loop circuit based on a phase difference between tne 
burst clock and the frequency-divided clock. The lock 
detector includes: a phase shifter for shifting a phase of 
the frequency-divided clock by the constant phase dif- 
ference to produce a phase shift clock; a logic gate, con- 
nected to the phase shifter, for receiving the reference 
clock and the phase shift clock and producing an arith- 
metic operation output signal having a certain duty ratio; 
a low-pass filter for receiving and smoothing the arith- 
metic operation output signal to produce an output volt- 
age according to the duty ratio of the arithmetic opera- 
tion output signal; and a determining circuit, connected 
to the low-pass filter, for comparing the output voltage 
with a predetermined reference voltage and supplying 
a reset signal to the phase locked loop circuit when the 
output voltage exceeds the predetermined reference 
voltage. 

Other aspects and advantages of the invention will 
become apparent from the following description, taken 
in conjunction with the accompanying drawings, illus- 
trating by way of example the principles of the invention. 

Reference is made, by way of example, to the ac- 
companying drawings in which: 

Figure 1 is a schematic block diagram of a conven- 
tional PLL circuit; 

Figure 2 is a waveform chart showing the operation 
of an XOR gate in the PLL circuit in Figure 1; 
Figures 3A through 3C show the waveforms of a 
clock signal output from the XOR gate when the 
control voltage in the PLL circuit in Figure 1 is al- 
tered; 

Figure 4 is a schematic block diagram of a PLL cir- 
cuit according to a first embodiment of the present - 
invention; 
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Figure 5 is a graph illustrating the relationship be- 
tween currents flowing in a charge pump circuit in 
the PLL circuit in Figure 4 and the control voltage: 
Figures 6A through 6C show waveforms of a clock 
signal output from the XOR gate when the control s 
voltage in the PLL circuit in Figure 4 is altered; 
Figure 7 is a schematic block diagram of a PLL cir- 
cuit according to a second embodiment of the 
present invention; 

Figure 8 is a schematic block diagram of a PLL cir- 10 
cuit according to a third embodiment of the present 
invention; 

Figure 9 is a graph illustrating the relationship be- 
tween currents flowing in first and second charge 
pump circuits in the PLL circuit in Figure 8 and the is 
control voltage; 

Figure 10 is a schematic block diagram of a PLL 
circuit according to a fourth embodiment of the 
present invention; 

Figure 11 is a graph illustrating the relationship be- 20 
tween currents flowing in a charge pump circuit and 
the control voltage in the PLL circuit of Figure 10; 
Figure 1 2 is a schematic block diagram of an image 
signal processing apparatus according to one em- 
bodiment; 25 
Figure 1 3 is a waveform chart illustrating the oper- 
ation of a lock detector in the image signal process- 
ing apparatus in Figure 12; and 
Figure 1 4 is a waveform chart illustrating the oper- 
ation of the lock detector in the image signal 30 
processing apparatus in Figure 12 

In the drawings, like numerals indicate like ele- 
ments throughout. Figure 4 presents a block diagram of 
a PLL circuit 10 according to a first embodiment of the 35 
present invention. The PLL circuit 10 is of an analog type 
and has a CMOS structure. The PLL circuit 10 includes 
an XOR gate 101, a tristate buffer 12, a charge pump 
circuit 20 of a steady current type, a low-pass filter (LPF) 
30, a VCO 107 and a 1/4 frequency divider 108. 40 

The XOR gate 101 has a first input terminal for re- 
ceiving a burst clock (reference clock) Rc with a duty 
ratio of 50%, a second input terminal for receiving an 
output clock Pc with a duty ratio of 50% output from the 
1/4 frequency divider 107, and an output terminal for is 
outputting a clock SI which represents the result of com- 
parison of the phase of the burst clock Rc with that of 
the output clock Pc. In a color television of the NTSC 
system, the burst clock Rc has a frequency of 3.58 MHZ. 
When the phase of the output clock Pc is advanced by so 
90° from that of the burst clock Rc, the XOR gate 101 
outputs the clock S1 which has a frequency double that 
of the burst clock Rc and a duty ratio of 50%. 

The tristate buffer 12 includes an OR gate 13, an 
inverter 14 and an AND gate 15. The OR gate 1 3 has a ss 
first input terminal for receiving a control signal RE which 
indicates a period in which the burst clock Rc is super- 
imposed on. a composite video signal, and a second in- 
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put terminal for receiving the clock S1 . The OR gate 1 3 
supplies the clock S1 to the charge pump circuit 20 when 
the L-level control signal RE is output. When the H-level 
control signal RE is output, the OR gate 1 3 supplies an 
H-level signal to the charge pump circuit 20. 

The AND gate 15 has a first input terminal for re- 
ceiving the control signal RE via the inverter 1 4, and a 
second input terminal for receiving the clock S1. The 
AND gate 15 supplies the clock S1 to the charge pump 
circuit 20 when receiving an H-level output signal (L-lev- 
el control signal RE) from the inverter 14. When receiv- 
ing an L-level output signal (H-level control signal RE) 
from the inverter 14, the AND gate 15 supplies an L- 
tevel signal to the charge pump circuit 20. 

The charge pump circuit 20 includes a resistor 21 , 
nMOS transistors 22, 24, 27 and 28, and pMOS transis- 
tors 23, 25 and 26. The nMOS transistor 22 has a drain 
connected via the resistor 21 to the power supply, a 
source connected to ground, and a gate connected to 
its own drain. The resistor 21 and the nMOS transistor 
22 form a constant current source. A voltage obtained 
by voltage division in accordance with the resistance of 
the resistor 21 and the ON resistance of the nMOS tran- 
sistor 22 is applied to the gate of the nMOS transistor 
22, and a constant current always flows as the nMOS 
transistor 22 is turned on by the gate voltage. 

The nMOS transistor 24 has a source connected to 
ground, a drain connected, to the pMOS transistor 23, 
and a gate connected to the gate and the drain of the 
nMOS transistor 23. The nMOS transistors 24 and 22 
constitute a current mirror circuit. Therefore, a constant 
current of a level substantially equal to that of a current 
flowing in the nMOS transistor 22 ftows through the 
nMOS transistor 24. 

The pMOS transistor 23 has a source connected to 
the power supply, a drain connected to the nMOS tran- 
sistor 24 and a gate connected to its own drain. A current 
substantially equal to the current flowing in the nMOS 
transistor 24 flows through the pMOS transistor 23, and 
a voltage proportional to the current is applied to the 
gate of the pMOS transistor 23. 

The rifvlOS transistors 25 and 26 and the nMOS 
transistors 27 and 28 are connected in series between 
the power supply and ground. The pMOS transistor 25 
has a source connected to the power supply, a drain 
connected to the pMOS transistor 26 and a gate con- 
nected to the output terminal of the OR gate 13. The 
nMOS transistor 28 has a source connected to ground, 
a drain connected to the nMOS transistor 27 and a gate 
connected to the output terminal of the AND gate 15. 
when the control signal RE is enabled to have an H level, 
or when it is not the period of the burst clock, an H-level 
signal is supplied to the pMOS transistor 25 and an L- 
level signal is supplied to the nMOS transistor 28. There- 
fore, both transistors 25 and 28 are turned off. When the 
control signal RE is disabled to have an L level, or when 
it is the period of the burst clock, the pMOS transistor 
25 and the nMOS transistor 28 are turned on and off in 
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response to the clock S1 . 

The pMOS transistor 26 has a source connected to 
the drain of the pMOS transistor 25, a drain connected 
to the LPF 30 and a gate connected to the gate of the 
pMOS transistor 23. When the pMOS transistor 25 is s 
turned on, the pMOS transistor 26 operates to supply a 
constant current IP1 , substantially equal to the current 
which flows in the nMOS transistor 22, to the LPF 30. 
The nMOS transistor 27 has a source connected to the 
drain of the nMOS transistor 28, a drain connected to 10 
the LPF 30 and a gate connected to the gate of the 
nMOS transistor 22. When the nMOS transistor 28 is 
on, the nMOS transistor 27 operates to acquire a con- 
stant current In1 , substantially equal to the current which 
flows in the nMOS transistor 22, from the LPF 30. The '5 
pMOS transistor 26 and the nMOS transistor 27 prefer- 
ably have relatively long channel lengths in order to pre- 
vent the occurrence of channel length modulation. 
Therefore, the currents Ip1 and In1 are substantially 
identical over the range from a ground potential V ss to 20 
a powersupply potential V DD , as shown in Figure 5. The 
nMOS transistors 24 and 27 form a first current mirror 
circuit, and the pMOS transistors 23 and 26 form a sec- 
ond current mirror circuit. 

The LPF 30 includes a resistor 31 and a pair of ca- 25 
pacitors 32 and 33. The capacitors 32 and 33 perform 
charge and discharge actions to smooth the clock S1 , 
producing a control voltage Vt. The capacitors 32 and 
33 have large capacitances so that a variation in the 
control voltage Vt caused by the leak current from the 30 
capacitors 32 and 33 becomes smaller. The VCO 107 
receives the control voltage Vt f ram the LPF 30, and out- 
puts an oscillation clock Fv having a frequency propor- 
tional to the value of the control voltage Vt. In a color 
television of the NTSC system, the oscillation clock Fv 35 
has a frequency of 14.31818 MHZ, four times as high 
as the frequency of the burst clock Rc. The 1/4 frequen- 
cy divider 108 receives the oscillation clock Fv from the 
VCO 107, and produces the clock Pc, obtained by fre- 
quency dividing the oscillation clock Fv by four. The 40 
clock Pc is supplied to the second input terminal of the 
XOR gate 101. 

An A/D converter 109 receives the oscillation clock 
Fv from the VCO 107, and perlorms analog-to-digital 
conversion to generate a digital signal S2 by sampling *s 
a composite video signal Cv according to the oscillation 
clock Fv. 

The PLL circuit 10 of the first embodiment is suitable 
for suppressing a variation in the frequency of the oscil- 
lation clock Fv, caused by external factors, such as a so 
temperature change, and outputting the oscillation clock 
Fv having a substantially constant frequency from the 
VCO 107. The charge pump circuit 20 is a steady-cur- 
rent type charge pump which controls the charge and 
discharge of the LPF 30 by the currents Ip1 and In1, ss 
which are substantially identical in level to each other. 
When the charge pump circuit 20 operates in response 
to the clock S1 having a duty ratio of 50% to charge or 



discharge the LPF 30, a constant control voltage Vt is 
output from the LPF 30. When the charge pump circuit 
20 operates in response to the clock S1 having a duty 
ratio of over 50%. the control voltage Vt output from the 
LPF 30 rises. When the charge pump circuit 20 operates 
in response to the clock S1 having a duty ratio of less 
than 50%, the control voltage Vt output from the LPF 30 
falls. 

According to the first embodiment, even when the 
oscillation frequency from the VCO 107 varies after the 
control voltage Vt output from the LPF 30 is changed to 
a second voltage from a first voltage, the charge and 
discharge or the LPF 30 are controlled by the substan- 
tially equal currents IP1 and Inl, so that the control volt- 
age Vt is held at the second voltage. Therefore, a con- 
stant oscillation frequency is output from the VCO 107 
and the duty ratio of the output clock S1 of the XOR gate 
101 is held at 50% That is, when the control voltage Vt 
is set to 

Figure 7 is a block diagram of a PLL circuit 40 ac- 
cording to a second embodiment of the present inven- 
tion. The PLL circuit 40 of the second embodiment has 
a charge pump circuit 41 different from the charge pump 
circuit 20 of the first embodiment. The charge pump cir- 
cuit 41 . which is a steady-current type charge pump, 
comprises pMOS transistors 25, 26, 42 and 44, nMOS 
transistors 27, 28, 45 and 43, and a resistor 43. The 
pMOS transistor 42 has a source connected to the pow- 
er supply, a drain connected to ground via the resistor 

43 and a gate connected to its own drain. A voltage re- 
sulting from voltage division in accordance with the ON 
resistance of the pMOS transistor 42 and the resistance 
of the resistor 43 is applied to the gate of the pMOS tran- 
sistor 42, turning on the pMOS transistor 42, which al- 
lows the flow of a constant current. 

The pMOS transistor 44 has a source connected to 
the power supply, a drain connected to the drain of the 
nMOS transistor 45 and a gate connected to the gate of 
the pMOS transistor 42. The pMOS transistor 44 togeth- 
er with the pMOS transistor 42 forms a current mirror 
circuit. 

Therefore, a constant current which has substan- 
tially the same level as the one flowing in the pMOS tran- 
sistor 42 flows through the pMOS transistor 44. 

The nMOS transistor 45 has a source connected to 
ground, a drain connected to the drain of the pMOS tran- 
sistor 44 and a gate connected to its own drain. A con- 
stant current which has substantially the same level as 
the one flowing in the pMOS transistor 44 flows through 
the nMOS transistor 45, and a voltage proportional to 
the current is applied to the gate of the nMOS transistor 
45. 

The pMOS transistors 25 and 26 and the nMOS 
transistors 27 and 28 are connected in series between 
the power supply and ground. The pMOS transistors 25 
and 26 and the nmos transistors 27 and 28 are the same 
as those in Figure 4. The gate of the pMOS transistor 

44 is connected to tne gate of the pMOS transistor 26, 
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and the gate of the nMOS transistor 45 is connected to 
the gate of the nMOS transistor 27. 

Figure 8 presents a block diagram of a PLL circuit 
50 according to a third embodiment. The PLL circuit 50 
of the third embodiment comprises the. XOR gate 101 , s 
the tristate buffer 12. first and second charge pump cir- 
cuits 51 and 52, the LPF 30, a lock detector 62, a se- 
lecting circuit 63, the VCO 107 and the 1/4 frequency 
divider 108. 

The lock detector 62 receives the bu rst clock Rc and '0 
the clock Pc from the 1/4 frequency divider 108, and de- 
tects if the phase of the clock Pc is locked with a phase 
difference of approximately 90° from the phase of the 
burst clock Rc. That is, the lock detector 62 detects if 
the oscillation clock Fv is synchronous with the burst »5 
clock Rc. 

The selecting circuit 63 selects one of the first and 
second charge pump circuits 51 and 52 in accordance 
with the detection result from the lock detector 62. The 
selecting circuit 63 includes a first selector 64 connected 20 
to the output terminal of the OR gate 1 3 and a second 
selector 65 connected to the output terminal of the AND 
gate 1 5. when the lock detector 62 determines that the 
clock Pc is not locked, the first and second selectors 64 
and 65 select the second charge pump circuit 52 and 25 
supply the output clock of the OR gate 1 3 and the output 
clock of the AND gate 1 5 to the second charge pump 
circuit 52. When the lock detector 62 determines that 
the clock Pc is locked, the first and second selectors 64 
and 65 select the first charge pump circuit 51 and supply 30 
the output clock of the OR gate 13 and the output clock 
of the AND gate 1 5 to the first charge pump circuit 51 . 

The first charge pump circuit 51 is the same steady- 
current type charge pump as the charge pump circuit 20 
of the first embodiment. The gate of the pMOS transistor 3S 
25 in the charge pump circuit 51 is connected to the first 
terminal of the first selector 64, and the gate of the 
nMOS transistor 28 is connected to the first terminal of 
the second selector 65. 

The second charge pump circuit 52 is a steady-cur- 40 
rent type charge pump which has a higher current driv- 
ing capability than the first charge pump circuit 51 . The 
second charge pump circuit 52 includes a resistor 53, 
nMOS transistors 54, 56, 59 and 60 and pMOS transis- 
tors 55, 57 and 58. The pMOS transistor 58 preferably « 
has a short channel length to improve the current flowing 
performance and is designed to allow for slight channel 
length modulation. Therefore, a current Ip2 which flows 
through the pMOS transistor 58 decreases as the con- 
trol voltage Vt increases, as shown in Figure 9. The so 
nMoS transistor 59 also preferably has a short channel 
length to improve the current flowing performance and 
is designed to allow for slight channel length modu lation. 
Therefore, a current In2 which flows through the nMOS 
transistor 59 increases as the control voltage Vt increas- 55 
es, as shown in Figure 9. 

When the lock detector 62 detects the locking of the 
clock Pc due to the oscillation clock Fv being synchro- 
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nous with the burst clock Rc in a composite video signal 
in one channel, the first and second selectors 64 and 65 
select the first charge pump circuit 51 . Then, the output 
clock of the OR gate 13 is supplied to the pMOS tran- 
sistor 25 and the output clock of the AND gate 1 5 is sup- 
plied to the nMOS transistor 28. The pMOS transistor 
25 and the nMOS transistor 28 are alternately turned on 
and off in response to the output clock S1 having a duty 
ratio of 50% from the XOR gate 101. While the pMOS 
transistor 25 is set on, the LPF 30 is charged by the cur- 
rent Ip1 which flows in the pMOS transistor 26. While 
the nMOS transistor 28 is set on, the LPF 30 is dis- 
charged by the current Inl (= Ip1) which flows in the 
nMOS transistor 27. Consequently, the control voltage 
Vt having a predetermined value is stably output from 
the LPF 30. 

When the supply of the burst clock Rc to the PLL 
circuit 50 is temporarily stopped for instance by switch- 
ing the reception channel, the pMOS transistor 25 and 
the nMOS transistor 28 are both turned off by the H-level 
control signal RE, disabling the charge and discharge 
of the LPF 30. Consequently, the control voltage Vt falls 
due to a leak from the LPF 30, reducing the frequency 
of the oscillation clock Fv. Accordingly, the frequency of 
the clock Pc output from the 1/4 frequency divider 108 
decreases too. 

When the burst clock Rc is supplied again after a 
given time, the lock detector 62 determines that the 
clock Pc is unlocked. Then, the first and second selec- 
tors 64 and 65 select the second charge pump circuit 
52 to supply the output clock of the OR gate 13 to the 
pMOS transistor 57 and the output clock of the AND gate 
15 is supplied to the nMOS transistor 60. The pMOS 
transistor 57 and the nMOS transistor 60 are alternately 
turned on and off in response to the output clock S1 from 
the XOR gate 101 . While the pMOS transistor 57 is set 
on, the LPF 30 is charged by the current Ip2 which flows 
in the pMOS transistor 58. While the nMOS transistor 
60 is set on, the LPF 30 is discharged by the current In2 
(= Ip2) which flows in the nMOS transistor 59. As a re- 
sult, the control voltage Vt output from the LPF 30 rapidly 
approaches the predetermined value. Thus, the oscilla- 
tion clock Fv synchronous with the burst clock Rc is ob- 
tained quickly. 

As the control voltage Vt approaches the predeter- 
mined value, the frequency of the oscillation clock Fv 
approaches a target frequency. At the same time, the 
frequency of the clock Pc output from the 1/4 frequency 
divider 1 08 approaches the target frequency too. When 
the frequency of the clock Pc reaches the target fre- 
quency and the lock detector 62 detects the locked state 
of the clock Pc, the first and second selectors select the 
first charge pump circuit 51 in place of the second 
charge pump circuit 52. In this manner, the output clock 
of the OR gate 1 3 is supplied to the pMOS transistor 25 
and the output clock of the AND gate 15 is supplied to 
the nMOS transistor 28. Consequently, the control volt- . 
age Vt having a predetermined value is stably output 
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from the LPF 30 with suppressed ringing. 

Figure 1 0 is a block diagram of a PLL circuit 70 ac- 
cording to a fourth embodiment of the present invention. 
The PLL circuit 70 of the fourth embodiment has a switch 
71 and a lock detector 72 added to the PLL circuit 1 0 of s 
the first embodiment. The lock detector 72 detects if the 
time in which the phase of the clock Pc is not locked with 
a phase difference of 90° from the phase of the burst 
clock Rc is equal to or greater than a predetermined 
time. That is, the lock detector 72 detects if the time in io 
which the oscillation clock Fv is not synchronous with 
the burst clock Rc is equal to or greater than a prede- 
termined time. When detecting the unlocked state of the 
clock Pc, the lock detector 72 outputs an unlock detec- 
tion signal S10. In the present embodiment, the lock de- '5 
tector 72 output signal S1 0 comprises a single pulse out- 
put. 

The switch 71, provided between the LPF 30 and 
ground, is swilched on in response to the unlock detec- 
tion signal S10 from the lock detector 72, grounding the 20 
output of the LPF 30. This forces the control voltage Vt 
to fall to the ground potential V ss , thus resetting the PLL 
circuit 70. When the unlock detection signal S10 is dis- 
abled, the switch 71 is switched off to disconnect the 
output of the LPF 30 from the ground. 2s 

As shown in Figure 11, the current characteristic of 
the pMOS transistor 26 and the current characteristic of 
the nMOS transistor 27 in the steady-current type 
charge pump circuit 20 are not, strictly speaking, sym- 
metrical over the range from the ground potential V ss 30 
to the power supply potential V DD . Specifically, the cur- 
rent Ip1 of the pMOS transistor 26 becomes slightly larg- 
er than the current In1 of the nMOS transistor 27. In this 
case, the clock Pc may not be locked with respect to a 
change in the input frequency in a step response like $s 
switching of the reception channel. That is, due to the 
large capacity of the LPF 30 and the narrow capture 
range, the control voltage Vt from the LPF 30 is trapped 
to a voltage value Vp at which Ip1 =ln1 and the voltage 
value V1 of the control voltage Vt will not reach a lock 40 
point V1. 

According to the fourth embodiment, when the un- 
locked state of the clock Pc continues for a predeter- 
mined time or longer in the step response, the switch 71 
is switched on in response to the unlock detection signal 45 
S1 0 from the lock detector 72 to forcibly drop the control 
voltage Vt down to the ground potential V ss . Then, the 
frequency of the oscillation clock Fv falls, reducing the 
frequency of the clock Pc output from the 1/4 frequency 
divider 108. The pMOS transistor 25 and the nMOS tran- so 
sistor 28 are alternately turned on and off in response 
to the output clock S1 of the XOR gate 101 , so that the 
LPF 30 is charged by the current Ip 1 and discharged by 
the current Ip2. As a result, the control voltage Vt rises 
from the ground potential V^ and reaches the voltage ss 
V1 , locking the clock Pc so that the oscillation clock Fv 
is synchronized with the burst clock Rc. 

In the fourth embodiment, the switch 71 may alter- 
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nately be provided between the input terminal of the LPF 
30 and ground. In this case too. the LPF 30 is selectively 
reset by the operation of the switch 7 1 . 

The PLL circuit 70 of the fourth embodiment may 
be modified to have the switch 71 and the lock detector 
72 added to the PLL circuit 40 of the second embodi- 
ment (Figure 7). In this case, the current In1 of the nMOS 
transistor 27 becomes slightly greater than the current 
Ip1 of the pMOS transistor 26 over the range from the 
ground potential V ss to the power supply potential V DD . 
It is therefore preferable to provide the switch 71 be- 
tween the power supply V DD and the LPF 30. That is, 
when the unlocked state of the clock Pc continues for a 
predetermined time or longer, the switch 71 is switched 
on in response to the one-shot unlock detection signal 
S10 from the lock detector 72 to forcibly increase the 
control voltage Vt to the power supply potential V DD . 
Thereafter, as the control voltage Vt falls from the power 
supply potential V DD and the clock Pc is locked at a pre- 
determined voltage, the oscillation clock Fv is synchro- 
nized with the burst clock Rc. 

Figure 1 2 is a block diagram showing an image sig- 
nal processing apparatus 200 in a television receiver ac- 
cording to the present invention. The image signal 
processing apparatus 200 comprises a sync signal de- 
tector 211, a horizontal synchronizer 212, a burst ex- 
tracting circuit 213, a 90° PLL circuit 214, a 1/4 frequen- 
cy divider 215, a lock detector 216, a Y/C separator 217, 
a chrominance reproducing circuit 218, a luminance re- 
producing circuit 219, and a relock-up circuit 220. 

The sync signal detector 211 extracts a sync com- 
ponent from the composite video signal CV using a dif- 
ference between the amplitude of the sync component 
and the amplitudes of other signal components, and 
separates the sync component to a horizontal sync com- 
ponent and a vert ical sync component using a frequency 
difference. The horizontal synchronizer 212 receives 
the horizontal sync component from the sync signal de- 
tector 211 and generates a horizontal sync signal and 
the control signal RE corresponding to the period of the 
burst clock Rc. 

The Kurst extracting circuit 213 selectively extracts 
the burst clock Rc from the composite video signal CV 
for synchronization of the chrominance component. The 
burst clock Rc has a fixed pattern with a predetermined 
frequency (e.g., 3.5B MHZ) and a predetermined ampli- 
tude. The burst clock Rc is superimposed at a predeter- 
mined position in the composite video signal CV, e.g., 
at the beginning of each horizontal scan period. In this 
respect, the burst clock Rc is selectively extracted at the 
beginning of each horizontal scan period of the compos- 
ite video signal CV. 

The 90° PLL circuit 214 receives the burst clock Rc 
from the burst extracting circuit 213 and produces the 
oscillation clock Fv which is used for a sampling clock 
for a chrominance signal in accordance with the control 
signal RE from the horizontal synchronizer 212. In the 
NTSC system, for example, the 90° PLL circuit 214 is 
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designed so that a clock obtained by frequency-dividing 
the oscillation clock Fv by four is synchronous with the 
burst clock Rc. That is, the oscillation clock Fv of 14.32 
MHZ is produced with respect to the burst clock Rc of 
3.58 MHZ. The 1/4 frequency divider 215 generates a 
clock Pf obtained by frequency-dividing the frequency 
of the oscillation clock Fv by tour, and sends the clock 
Pf to the lock detector 216. 

The lock detector 216 produces a shift clock Pf1 
which is the clock Pf whose phase is delayed by 90°, 
and compares the phase of the burst clock Rc with that 
of the shift clock Pfl. Based on the comparison result, 
the lock detector 216 determines whether or not the os- 
cillation clock Fv is synchronous with the burst clock Rc. 
The lock detector 216 includes a 90° phase shifter 221 , 
an XOR gate 222, a tristate buffer 223, an LPF 224, a 
reference voltage generator 225, a comparator 228 and 
a determining circuit 229. 

The 90° phase shifter 221 receives the output clock 
PI from the 1/4 frequency divider 215 and produces the 
shift clock Pf 1 which is the output clock Pf whose phase 
is delayed by 90°. The XOR gate 222 receives the burst 
clock (reference clock) Rc and the shift clock Pf1 , com- 
pares the phase of the burst clock Rc with that of the 
shift clock Pf 1 and outputs a clock S3 indicative of the 
comparison result. 

The tristate buffer 223 supplies the output clock S3 
from the XOR gate 222 to the LPF 224 when the control 
signal RE from the horizontal synchronizer 212 is ena- 
bled, and sets its output in a high impedance state when 
the control signal RE is disabled. The LPF 224 is 
charged and discharged by the output clock S3 and sup- 
plies a voltage V1 to the comparator 228. The reference 
voltage generator 225 includes a pair of resistors 226 
and 227 connected in series between the power supply 
potential and ground. The reference voltage generator 

225 divides a voltage between the ground potential V ss 
and the power supply potential V DD by the resistance 
ratio of the resistors 226 and 227 and outputs a refer- 
ence voltage VR from the node between the resistors 

226 and 227. 

The comparator 228 has a positive (non-inverting) 
input terminal for receiving the output voltage V1 from 
the LPF 224 and a negative (inverting) input terminal lor 
receiving the reference voltage VR. The comparator 228 
compares the voltage VI with the reference voltage VR 
and sends a comparison signal S4 to the determining 
circuit 229. The comparison signal S4 of an L level is 
output when the voltage V1 is equal to or less than the 
reference voltage VR, and the comparison signal S4 of 
an H level is output when the voltage VI is greater than 
the reference voltage VR. 

In accordance with the comparison signal S4,.the 
determining circuit 229 determines if the Oscillation 
clock Fv has a phase difference of 90° with respect to 
the burst clock Rc (or is synchronous with the latter). 
When the oscillation clock Fv is not synchronous with 
the burst clock Rc, a decision signal S5 is enabled. In 



the presently preferred embodiment, it is determined 
that the oscillation clock Fv is synchronous with the burst 
clock Rc when the L-level comparison signal S4 is out- 
put, and that the oscillation clock Fv is asynchronous 

s with the burst clock Rc when the H-level comparison sig- 
nal S4 is output. 

The relock-up circuit 220 receives the decision sig- 
nal S5 from the determining circuit 229, and enables a 
relock-up trigger signal S6 when the oscillation clock Fv 

jo is asynchronous with the burst clock Rc. In response to 
an active relock-up trigger signal S6, the 90° PLL circuit 
21 4 operates to synchronize the oscillation clock Fv with 
the burst clock Rc. 

The Y/C separator 217 receives the composite vid- 

is eo signal CV, which contains a luminance component 
and a chrominance component, separates the compos- 
ite video signal CV into the luminance component and 
chrominance component to produce a chrominance sig- 
nal c and a luminance signal y by using the phase dif- 

zo (erence of the chrominance component. In the NTSC 
system, for example, the luminance component is ac- 
quired by shifting the composite video signal CV by one 
horizontal scan period and adding the composite video 
signal C V and the shifted composite video signal togeth - 

2S er. The chrominance component is acquired from the 
difference between the composite video signal CV and 
the shifted composite video signal. 

When the decision signal S5 is inactive, the chromi- 
nance reproducing circuit 218 amplifies the chromi- 

30 nance signal c to produce a chrominance signal having 
a predetermined amplitude. The chrominance repro- 
ducing circuit 21 8 quantizes the chrominance signal us- 
ing the oscillation clock Fv as a sampling clock, thereby 
reproducing chrominance data CO. When the decision 

35 signal 

S5 is active, the chrominance reproducing circuit 
21 8 interrupts the reproduction of the chrominance data 
CO and outputs a fixed value (e.g., "0"). 

The luminance reproducing circuit 219 includes a 
40 high frequency amplifier of a video band, and amplifies 
the luminance signal y to produce a luminance signal y 
having a predetermined amplitude. Further, the lumi- 
nance reproducing circuit 219 quantizes the luminance 
signal y in accordance with a predetermined sampling 
45 clock to reproduce luminance data Y0. 

When the phase of the clock Pf leads the phase of 
the burst clock Rc by nearly 90°, as shown in Figure 1 3, 
the 90° phase shifter 221 outputs the shift clock Pfl hav- 
ing the same phase as that of burst clock Rc. Accord- 
so ingly, the XOR gate 222 outputs the output clock S3 of 
substantially an L level. That is, the output clock S3 hav- 
ing a very short H-level period is output. Consequently, 
the LPF 224 outputs the L-level voltage V1 , and the 
comparator 228 outputs the L-level comparison signal 
55 S4. In this manner, the determining circuit 229 detects 
whether the oscillation clock Fv is synchronous with the 
burst clock Rc. 

When the phase difference between the clock Pf 
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and the burst clock Rc is not 90°, as shown in Figure 
14, the 90° phase shifter 221 does not output the shift 
clock Pfl having the same phase as that of burst clock 
Rc. As a result, the XOR gale 222 outputs the output 
clock S3 which provides a pulse in a period during which 
one of the burst clock Rc and the shift clock Pf 1 has an 
H level and the other clock has an L level. As the voltage 
V1 from the LPF 224 is proportional to the duty ratio of 
the output clock S3, the voltage V1 output from the LPF 
224 rises. When the voltage V1 becomes greater than 
the reference voltage VR, the comparator 228 outputs 
the H level comparison signal S4. 

Thus, the determining circuit 229 detects that the 
oscillation clock Fv is not synchronous with the burst 
clock Rc. 

Although the present invention is embodied in the 
lock detector which detects if the oscillation clock Fv, 
produced based on the burst clock Rc, contained in the 
composite video signal CV as a reference clock, is syn- 
chronous with the burst clock Rc, this is in no way re- 
strictive; for example, the lock detector may detect if an 
oscillation clock, which is produced based on an arbi- 
trary clock, as a reference clock, different from the burst 
clock, is synchronous with that clock. 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other 
specific forms. For example, the present invention may 
be adapted to a PLL circuit which outputs an oscillation 
clock which is synchronized with a reference clock other 
than the burst clock. Further, the present invention may 
be adapted to a lock detector which detects if an oscil- 
lation clock is synchronized with a reference clock other 
than the burst clock. Therefore, the present examples 
and embodiments are to be considered as illustrative 
and not restrictive. 
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parison signal, and selecting one of the ground 
potential and the power supply potential in re- 
sponse to the comparison signal, wherein the 
charge pump pulls a constant current to ground 
from an output terminal of the charge pump cir- 
cuit when the ground potential is selected and 
supplies a constant current tp the output termi- 
nal of the charge pump circuit when the power 
supply potential is selected, thereby producing 
an output which alternately repeats the ground 
potential and the power supply potential; and 
a low-pass filter (30), connected between said 
charge pump circuit and said voltage controlled 
oscillator, for smoothing the output of the 
charge pump circuit to produce the control volt- 
age, wherein said charge pump circuit includes: 
first and second transistors (25, 28) which are 
alternately turned on and off in response to the 
comparison signal; 

a constant current source (21 , 22) for supplying 
a constant current; 

a first current mirror circuit (23, 26), connected 
between said first transistor and the output ter- 
minal of the charge pump circuit, for allowing 
flow of a constant drive current according to the 
constant current of said constant current 
source when said first transistor is turned on, 
and 

a second current mirror circuit (24, 27), con- 
nected between the second transistor and the 
output terminal of the charge pump circuit, for 
allowing flow of a constant drive current accord- 
ing to the constant current of the constant cur- 
rent source when the second transistor is 
turned on. 



Claims 



A phase locked loop (PLL) circuit (10)for generating 
an oscillation clock which maintains a substantially 
constant phase difference with respect to a phase 
of a reference clock, the PLL circuit being charac- 
terized by: 

a voltage controlled oscillator (107) receiving a 
control voltage and producing an oscillation 
clock having a frequency corresponding to the 
control voltage; 

a comparison circuit (12) receiving the refer- 
ence clock and the oscillation clock and com- 
paring phases of the reference clock and the 
oscillation clock with each other to produce a 
comparison signal indicative of a comparison 
result; 

a charge pump circuit (20), connected to said 
comparison circuit, a ground potential and a 
power supply potential, for receiving the com- 



2. A phase locked loop (PLL) circuit (50) for generating 
an oscillation clock which maintains a substantially 
constant phase difference with respect to a phase 
40 of a reference clock, the PLL circuit being charac- 
terized by: 

a voltage controlled oscillator (1 07) receiving a 
control voltage and producing an oscillation 
45 clock having a frequency corresponding to the 

control voltage; 

a comparison circuit (12) receiving the refer- 
ence clock and the oscillation clock and com- 
paring phases of the reference clock and the 
so oscillation clock with each other to produce a 

comparison signal indicative of a comparison 
result; 

a first charge pump circuit (51), connected to 
said comparison circuit, a ground potential and 
ss a power supply potential, for receiving the com- 

parison signal, and selecting one of the ground 
potential and the power supply potential in re- 
sponse to the comparison signal, wherein the 
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first charge pump circuit pulls a constant cur- 
rent to ground from an output terminal of the 
first charge pump circuit when the ground po- 
tential is selected and supplies a constant cur- 
rent to the output terminal of the first charge 5 
pump circuit when the power supply potential 
is selected, thereby producing a first output 
which alternately repeats the ground potential 
and the power supply potential; 
a second charge pump circuit (52), connected io 
to the comparison circuit, a ground potential 
and a power supply potential and having a drive 
performance with a higher output load than the 
first charge pump circuit, for receiving the com- 
parison signal, and selecting one of the ground 75 4. 
potential and the power supply potential in re- 
sponse to the comparison signal, wherein the 
second charge pump circuit pulls a constant 
current to ground from an output terminal of the 
second charge pump circuit when the ground 2° 
potential is selected and supplies a constant 
current to the output terminal of the second 
charge pump circuit when the power supply po- 
tential is selected, thereby producing a second 
output which alternately repeats the ground po- 25 
tential and the power supply potential; 
a low-pass filter (30), connected between said 
first and second charge pump circuits and said 
voltage controlled oscillator, for smoothing one 
of the first and second outputs of the first and 30 
second charge pump circuits to produce the 
control voltage; 

a lock detector (62) receiving the reference 
clock and the oscillation clock, detecting if the 
oscillation clock maintains a substantially con- 35 
stant phase difference with respect to the 
phase of the reference clock and producing a 
detection signal indicative of a detection result; 
and 

a selecting circuit (63), connected to said first 40 
and second charge pump circuits and respon- 
sive to the detection signal, for operating said 
first charge pump circuit when the oscillation 
clock maintains the substantially constant 
phase difference with respect to the phase of 45 
the reference clock and operating said second 
charge pump circuit when the oscillation clock 
does not maintain the substantially constant 
phase difference with respect to the phase of 
the reference clock. 50 

The PLL circuit according to claim 2, characterized 
in that each of the first and second charge pump 
circuits includes: 



ss 



first and second transistors which are alternate- 
ly turned on and off in response to the compar- 
ison signal; a constant current source for sup- 



plying a constant current; 
a first current mirror circuit, connected between 
said first transistor and the output terminal of 
the charge pump circuit, for allowing flow of a 
constant drive current according to the constant 
current of said constant current source when 
said first transistor is turned on; and 
a second current mirror circuit, connected be- 
tween said second transistor and the output ter- 
minal of the charge pump circuit, for allowing 
flow of a constant drive current according to the 
constant current of said constant current 
source when the eecond transistor is turned on. 

A phase locked loop (PLL) circuit (70) for generating 
an oscillation clock which maintains a substantially 
constant phase difference with respect to a phase 
of a reference clock, the PLL circuit being charac- 
terized by: 

a voltage controlled oscillator (107) receiving a 
control voltage and producing an oscillation 
clock having a frequency corresponding to the 
control voltage; 

a comparison circuit (12) receiving the refer- 
ence clock and the oscillation clock and com- 
paring phases of the reference clock and the 
oscillation clock with each other to produce a 
comparison signal indicative of a comparison 
result; 

a charge pump circuit (20), connected to said 
comparison circuit, a ground potential and a 
power supply potential, for receiving the com- 
parison signal, and selecting one of the ground 
potential and the power supply potential in re- 
sponse to the comparison signal, wherein the 
charge pump circuit pulls a constant current to 
ground from an output terminal of the charge 
pump circuit when the ground potential is se- 
lected and supplies a constant current to the 
output terminal of the charge pump circuit when 
thfe power supply potential is selected, thereby 
producing an output which alternately repeats 
the ground potential and the power supply po- 
tential; 

a low-pass filter (30), connected between said 
charge pump circuit and said voltage controlled 
oscillator, for smoothing the output of the 
charge pump circuit to produce the control volt- 
age; 

a lock detector (72) for receiving the reference 
clock and the oscillation clock, detecting if the 
oscillation clock maintains a substantially con- 
stant phase difference with respect to the 
phase of the reference clock and producing a 
detection signal indicative of a detection result; 
and 

a switch (71 ), connected to one of the input and 
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output of said low-pass filter and responsive to 
the detection signal from said lock detector, the 
switch operating to supply one of the ground 
potential and the power supply potential to one 
of the input and output of said low-pass filter 
when the oscillation clock does not maintain a 
substantially constant phase difference with re- 
spect to the phase of the reference clock for at 
least a predetermined time. 

5. The PLL circuit according to any one of the preced- 
ing claims, characterized in that the reference clock 
includes a burst clock in a composite video signal. 

6. A lock detector (21 6) for use in a phase locked loop 
circuit and for detecting if an oscillation clock main- 
tains a substantially constant phase difference with 
respect to a phase of a reference clock, the oscilla- 
tion clock having a frequency n (n: a natural 
number) times that of the reference clock, a first 
clock, obtained by dividing the frequency of the os- 
cillation clock by n, supplied to the lock detector, the 
lock detector being characterized by; 

a phase shifter (221 ) for shifting a phase of the 
first clock by the substantially constant phase 
difference to produce a second clock; 
an exclusive OR gate (222), connected to said 
phase shifter, for receiving the reference clock 
and the second clock, and for producing an 
arithmetic operation output signal having a duty 
ratio; 

a low-pass filter (224) for receiving and smooth- 
ing the arithmetic operation output signal to 
produce an output voltage according to the duty 
ratio of the arithmetic operation output signal; 
and 

a determining circuit (229), connected to said 
low-pass filter, for comparing the output voltage 
with a predetermined reference voltage and de- 
termining a locked state of the oscillation clock 
based on a comparison result. 

7. The lock detector according to claim 6, character- 
ized by a reference voltage generator (225), con- 
nected to said determining circuit, for dividing a volt- 
age between the ground potential and the power 
supply potential to produce the reference voltage. 

8. An image signal processing apparatus for produc- 
ing chrominance information and luminance infor- 
mation from a composite video signal containing a 
sync component, a luminance component and a 
chrominance component, the apparatus being 
characterized by: 
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horizontal scan, from the sync component con- 
tained in the composite video signal; 
an burst extracting circuit (213) for extracting a 
burst clock indicative of a phase of the chromi- 
nance component, from the composite video 
signal; 

a Y/C separator (213) for separating the lumi- 
nance component and the chrominance com- 
ponent from the composite video signal; 
a phase locked loop circuit (214), connected to 
said burst extracting circuit, for receiving the 
burst clock as a reference clock and producing 
an oscillation clock having a frequency n (n; a 
natural number) times that of the burst clock 
and maintaining a substantially constant phase 
difference with respect to a phase of the burst 
clock; 

a reproducing circuit (218, 219), connected to 
said Y/C separator and said phase locked loop 
circuit, for receiving the luminance component 
and the chrominance component in accord- 
ance with the oscillation clock and reproducing 
the luminance information and the chromi- 
nance information; 

a frequency divider (215), connected to said 
phase locked loop circuit, for frequency-divid- 
ing the oscillation clock by n to produce a fre- 
quency-divided clock; and 
a lock detector (216), connected to said fre- 
quency divider and said burst extracting circuit, 
for receiving the burst clock and the frequency- 
divided clock and detecting a locked state of the 
phase locked loop circuit based on a phase dif- 
ference between the burst clock and the fre- 
quency-divided clock, the lock detector includ- 
ing: 

a phase shifter (221 ) for shifting a phase of the 
frequency-divided clock by the constant phase 
difference to produce a phase shift clock; 
a logic gate (222), connected to said phase 
shifter, for receiving the reference clockand the 
|5hase shift clock and producing an arithmetic 
operation output signal having a certain duty ra- 
tio; 

a low-pass filter (224) for receiving and smooth- 
ing the arithmetic operation output signal to 
produce an output voltage according to the duty 
ratio of the arithmetic operation output signal; 
and 

a determining circuit (229), connected to said 
low-pass filter, for comparing the output voltage 
with a predetermined reference voltage and 
supplying a reset signal to the phase locked 
loop circuit when the output voltage exceeds 
the predetermined reference voltage. 



a sync signal detector (21 1 ) for acquiring a hor- 
izontal sync signal indicative of a timing for a 



9. The apparatus according to claim 8, characterized • 
in that the logic gate comprises an XOR gate. 
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